Plasmonic spectral filters based on
one-dimensional periodic structures
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Introduction:
What is plasmon?

Plasmon — quasiparticle corresponding to quantum of llation

s of the fr

gas (oscillations of electron plasma)

Surface plasmon ex n a metal—di
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Introduction:
Plasmon excitation mechanism

1 excitation condition
Incident

EM-wave :
sinf@ =k




Introduction:
Plasmon resonance

Possible condition
% Total internal reflection— trav
+ Localization of p

Localization standing

plasmon oscillation
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Plasmonic spectral filter
by Liwei Fu

(Optical properties of metallic meand
Harald Giessen, J. Opt. Soc. Am. B 2

» Period: from 200 to 400 nm

» Height: 40 nm

> Ag thickness: 40 nm

» Angle of incident: from 0° to 80
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Structure of plasmonic spectral
filter

The actual structure of the dielectric

Theoretical rectangular structure in the
air (“corrugation” type of structure)

substrate
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The purpose
and objectives of research

Objectives.
Developme

* Developme
Theoretical rese
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Fourier modal method

|
iro([

divD=4mp
‘de o

Incident wave
E,,. = uexplik,n, (sinBcosx +sinBsiny +c
(cosycosBcosd —sinysi

u=| cosycosBsing +sinycos

( cosysind
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Fourier modal method

Incident wave
wexp[ ik, (sin Ocos ¢ + sin Osin ¢

u=(cosy/cosfcos g —sin ysin g, cosycos b

Representation of the field above and
the structure (as Rayleigh ser




ourier modal method

Solution algorithm
+* Finding eigenvalues in each lay
structure
% Applying boundary conditions
at interface of structure layer
+* Solving of
finding intensity of the transmi
reflected orders
% The problem is so
the Oz direction plane
environment
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Analysis of ordinary diffraction grating:
R1 order

Diffraction grating obtained in ph
layer with Ag coating on gl

** Period: 1 um

¢ Photoresist thickne 10 um
% Relief height: 150 nm
% Ag thickness: 100 nm

Any wavelength at an
diffracted by gratin
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Analysis of ordinary diffraction grating:
Diagram of diffraction order number

“r' w ———
Plasmonic effect appears at the
on of diffraction
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Analysis of plasmonic grating:
Effect in TO order
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Analysis of plasmonic grating:
Effect in TO order
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Analysis of plasmonic grating:
TO order in TE-polarized light

215 |n TE-polarized light there
effect on 1D-periodic stru:
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Analysis of plasmonic grating:
Effect in R1 order

Plasmonic effect in R1 order
% Period: 300, 400 HM

< Height: 30 Hm

%+ Ag thickness: 80 Hm

Effect: while changing the angle of incidence from 10
to 70°, the color of plasmonic grating blue with
diffraction efficiency up to 70%
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Analysis of plasmonic grating:

Multilayer structures and various materials

€
H

Period: 400 nm
Height: 40 nm

% Au thickness: 40 nm
Spectral transparency: up to
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List of found plasmonic effects
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Samples of plasmonic grating:
qualitative research




Samples of plasmonic gratings

Zone 1 (200 nm): broken grating

Zone 2 (300 nm): purple
Zone 3 (400 nm) “ n
Zone 4 (500 nm): red (ca
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Samples of plasmonic grating:
Spectral measurements
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Spectral measurements
in TM-polarized light

I
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Spectral measurements
in TE-polarized light
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Reasons for the quantitative
mismatch

Mismatch of geometrical profile of obtained relief

Mismatch of geometrical parameters of obtained relief
- error in the mean height of the profile
- fluctuations of profile height

_error in the mean thickness of the coating layer
_ fluctuation of coating layer thickness

Error in modelling of permittivity of substrate mate
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Conclusions

+ Method for the analysis of plasmonic gratings is developed

% The dependency of spectral-angular characteristics on geometric parame

the plasmonic grating are disclosed
A number of plasma effects is found. On the basi these effects plasmonic
filters can be created

% Geometrical parameters of plasma filte

¢ Samples of plasmonic

Spectral-angular characteristi qualitatively
repeat theoretically modeled cha
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